The ability of the developing male germ cells and mature sperm to avoid the immune system of the host and the ability of inflammation arising outside the male reproductive tract to inhibit male fertility are among the most intriguing conundrums of male reproductive function. Clearly, resolving these two observations, which on first glance would appear to be incompatible, depends upon a comprehensive understanding of the underlying immunology of the male reproductive tract. Unfortunately, the nature of the interactions that exist between the immune system and the male reproductive system remains poorly understood. One fact that is apparent, however, is that immune responses within the testis, where sperm develop, and immune responses in the epididymis, where mature sperm concentrate and mature, are very different. This implies that the mechanisms underlying immunity in these 2 tissues are different and that a more thorough examination of these differences may be very productive.

In the following review, I aim to summarize briefly what is known about the innate and adaptive immune systems as they relate to the testis and epididymis in order to draw some general principles, make some predictions, and suggest where attention might best be directed in the future. In the interests of full disclosure, these represent the personal opinions of a researcher with a long‐standing interest in the mechanisms of male reproductive tract immunology in general, but one who does not work primarily on the epididymis. It will not be possible to cover every aspect or previous study relating to the topic, and interested readers are directed to a more comprehensive review ([Hedger and Hales, 2006](#b58){ref-type="ref"}).

The Effect of Infection and Inflammation on the Testis and Epididymis {#ss1}
=====================================================================

In developed societies, it is estimated that 5%--10% of male factor infertility of known etiology has a suspected inflammatory or autoimmune involvement, which encompasses sperm antibody formation, orchitis, epididymitis and epididymo‐orchitis, and at least some "idiopathic" infertility ([Dohle et al, 2005](#b28){ref-type="ref"}; [Schuppe et al, 2008](#b132){ref-type="ref"}). More importantly, the incidence of immunological infertility tends to be much higher among populations in which access to health care or education is poor---in other words, the larger proportion of humanity ([Ekwere, 1995](#b32){ref-type="ref"}). The World Health Organization has estimated that reproductive tract infections are responsible for about 3% of the global burden of ill health among men ([AbouZahr and Vaughan, 2000](#b1){ref-type="ref"}). The epithelia of the testis and epididymis are not regenerative and infections within these organs and their inflammatory sequelae frequently result in permanent damage leading to a loss of fertility ([Dohle et al, 2005](#b28){ref-type="ref"}). Moreover, approximately 1% of men suffer from debilitating and frequently intractable persistent, antibiotic‐resistant scrotal or perineal pain ("sterile" orchitis, epididymitis, vasitis, or prostatitis), a condition that remains largely mysterious but almost certainly involves an underlying inflammatory cause ([Alexander et al, 1998](#b3){ref-type="ref"}; [Nickel et al, 2005](#b107){ref-type="ref"}; [Nariculam et al, 2007](#b102){ref-type="ref"}). Finally, although most testicular cancers have a developmental, rather than an inflammatory, origin and epididymal cancer is extremely rare, the role of inflammatory and immune mechanisms in determining the incidence, severity, and/or course of cancers in these tissues should not be neglected, simply for lack of information.

Epididymitis is the most common intrascrotal inflammation and is a significant cause of urological consults. In the United States, a country with an estimated male population of around 150 million, the National Institutes of Health records 600 000 cases annually ([Trojian et al, 2009](#b155){ref-type="ref"}). The symptoms and consequences of epididymitis include pain, nodules, edema, urinary difficulties, fever, urethral discharge, and infertility. However, epididymitis can also be asymptomatic, meaning that it is also underreported. Acute epididymitis is usually due to retrograde ascent of urethral pathogens and sexually transmitted bacterial infections: notably, *Chlamydia trachomatis* and *Neisseria gonorrhoeae*, but also *Ureaplasma urealyticum, Escherichia coli, Enterococcus faecalis*, and *Pseudomonas aeruginosa*. Less commonly, systemic bacterial infections (eg, *Mycobacterium tuberculosis, Haemophilus influenzae* type B, *Salmonella*, and *Brucella*) or nonbacterial infections (eg, Cytomegalovirus and Filariasis) may be responsible, particularly in children or immunocompromised individuals. Noninfectious causes of epididymitis include various medical procedures, the arrhythmia drug amiodarone, trauma, physical stress, vasectomy, urinary reflux, neoplasia, postinfectious and systemic inflammation, vasculitis, and autoimmunity ([Hagley, 2003](#b47){ref-type="ref"}; [Haidl et al, 2008](#b48){ref-type="ref"}; [Trojian et al, 2009](#b155){ref-type="ref"}).

Crucially, the incidence of epididymitis is considerably higher than the incidence of orchitis, which most frequently presents as epididymo‐orchitis ([Krieger, 1984](#b83){ref-type="ref"}). In contrast to epididymitis, isolated orchitis is generally due to bloodborne dissemination of pathogens, usually viruses (eg, mumps, Coxsackie B, Varicella, Epstein‐Barr, Dengue, the severe acute respiratory syndrome coronavirus), but also mycobacteria (eg, *Mycobacterium leprae* and *M tuberculosis*) and parasites, such as Malaria and Filariasis. Non‐infectious causes of orchitis include physical trauma, vasectomy, neoplasia and autoimmunity ([Salomon et al, 1982](#b130){ref-type="ref"}; [Flickinger, 1985](#b37){ref-type="ref"}; [Pannek and Haupt, 1997](#b118){ref-type="ref"}; [Vitolo et al, 2008](#b160){ref-type="ref"}). In general, data on the incidence of autoimmune orchitis among human populations is extremely poor, but its relative prevalence may be surmised from various animal models exhibiting this condition, as well as from biopsies of infertile men showing evidence of past immunological events ([Suominen and Soderstrom, 1982](#b147){ref-type="ref"}; [Schuppe et al, 2008](#b132){ref-type="ref"}).

In summary, differences between the incidence and the causes of infection and inflammation in the testis and epididymis are significant, in spite of the fact that they are connected by the efferent ducts and linked to the external environment via the genitourinary tract and that there would appear to be no significant physical impediment to infections progressing from one tissue into the other. One obvious explanation for this difference is the underlying differences in the immune environment within the 2 tissues.

Effects of Systemic Inflammation and Illness on the Testis and Epididymis {#ss2}
=========================================================================

It is well‐established that systemic infection and even illnesses that do not have an infectious basis can have inhibitory effects on male reproductive function ([Dong et al, 1992](#b29){ref-type="ref"}; [Baker, 1998](#b5){ref-type="ref"}). The mechanisms responsible for this observation are poorly defined, but the fact that disease external to the reproductive tract can inhibit fertility suggests that the inhibition is due to something more than simple cell damage caused by the activity of antimicrobial cells and secretions. The effects of illness on reproduction have been most extensively studied using bacterial lipopolysaccharide (LPS) to induce systemic or localized inflammation in experimental animals. The most common observation is a loss of androgen production, which can be attributed to the direct effects of pathogen‐specific molecules like LPS, as well as molecules stimulated by LPS, such as the proinflammatory cytokines interleukin 1 beta (IL1B) and tumor necrosis factor (TNF), reactive oxygen species, nitric oxide (NO) and corticosteroids, at various levels of the hypothalamic--pituitary--Leydig cell axis ([Hedger and Hales, 2006](#b58){ref-type="ref"}). Although reduction in androgen production caused by systemic inflammation alone might not be sufficient to cause spermatogenic disruption ([O\'Bryan et al, 2000](#b112){ref-type="ref"}; [Liew et al, 2007](#b87){ref-type="ref"}), there is no doubt that reduced androgen production by the testis will have negative effects on epididymal function, as well as on general health.

In addition to inhibition of steroidogenesis, a growing body of evidence indicates that infection and inflammation are able to affect the seminiferous epithelium directly ([O\'Bryan and Hedger, 2008](#b111){ref-type="ref"}; [Hedger, 2011b](#b57){ref-type="ref"}). During infection, activation of inflammation and immunity is triggered by the recognition of specific motifs, or pathogen‐associated molecular patterns, found on bacterial, viral, fungal, and protozoan pathogens, mediated by specific pattern recognition receptors. The best characterized of these receptors are the Toll‐like receptors (TLR), which recognize bacterial and viral nucleic acids and other molecules unique to pathogens, including LPS, bacterial lipopeptides and peptidoglycans ([Kawai and Akira, 2010](#b74){ref-type="ref"}). The TLRs are mainly found on myeloid cells (monocytes, macrophages, and dendritic cells) but are also expressed by epithelial and connective tissue cells.

The Sertoli cells express most of the TLRs (the [Table](#t1){ref-type="table"}), including TLR4, the receptor for LPS, and stimulation of Sertoli cells by TLR ligands activates inflammatory signaling pathways leading to the mitogen‐activated protein (MAP) kinases and the inflammatory transcription factors, nuclear factor kappa B (NFκB), and interferon regulatory factor 3 ([Riccioli et al, 2006](#b123){ref-type="ref"}; [Bhushan et al, 2008](#b9){ref-type="ref"}; [Starace et al, 2008](#b142){ref-type="ref"}). This leads to activation of a subset of genes that are normally induced by inflammation, including IL1 alpha (the cell‐associated variant of IL1B), IL6 and nitric oxide synthase 2 (NOS2, also known as inducible NOS), and the immunoregulatory cytokine, activin A ([Gérard et al, 1991](#b43){ref-type="ref"}; [Stéphan et al, 1995](#b144){ref-type="ref"}; [Syed et al, 1995](#b148){ref-type="ref"}; [Okuma et al, 2005a](#b114){ref-type="ref"}; [Riccioli et al, 2006](#b123){ref-type="ref"}; [Wu et al, 2008](#b169){ref-type="ref"}; Winnall et al, [2009](#b168){ref-type="ref"}, [2011](#b167){ref-type="ref"}). Moreover, Sertoli cells are also able to respond to many of these endogenous inflammatory mediators, most notably IL1A and IL1B, TNF, NO, transforming growth factor beta 3 (TGFB3), and type 1 and type 2 interferons ([Mauduit et al, 1993](#b94){ref-type="ref"}; [Okuda et al, 1994](#b113){ref-type="ref"}; [Stéphan et al, 1995](#b144){ref-type="ref"}; [Dejucq et al, 1997](#b25){ref-type="ref"}; [Bauché et al, 1998](#b6){ref-type="ref"}; [Lui et al, 2003](#b90){ref-type="ref"}; [Okuma et al, 2005b](#b115){ref-type="ref"}). Evidence is considerable that these molecules, which are usually associated with inflammation, and the pathways through which they exert their effects play fundamental roles in mediating intercellular communication within the seminiferous epithelium ([O\'Bryan and Hedger, 2008](#b111){ref-type="ref"}; [Hedger, 2011b](#b57){ref-type="ref"}). These inflammatory molecules regulate mitosis and meiosis of the spermatogenic cells, organization of the Sertoli cell cytoskeleton and intercellular junctions, and various Sertoli cell activities throughout the cycle of the seminiferous epithelium. Consequently, the presence of pathogenic molecules, cytokines, and other mediators of inflammation produced within the testis, or entering from the circulation during systemic inflammation, impinge upon the normal functions of the Sertoli cells and spermatogenic cells, leading to disturbances in spermatogenesis.

###### 

. *Toll‐like receptor (TLR) expression in the epithelium of male reproductive tract of the rat and mouse* ^a^

  Receptor   Principal Ligands              Principal Pathogens                          Cellular Location   Sertoli Cells   Initial Segment   Epididymis   Vas Deferens
  ---------- ------------------------------ -------------------------------------------- ------------------- --------------- ----------------- ------------ --------------
  TLR1       Triacyl lipopeptides           Bacteria, mycobacteria                       Cell surface        +++             ++                ++           +++
  TLR2       Lipoproteins, peptidoglycans   Bacteria, mycobacteria, viruses              Cell surface        ++++            +++               ++           \+
  TLR3       dsRNA                          Viruses                                      Endosomes           ++++            ++++              +++          ++
  TLR4       Lipopolysaccharides            Bacteria, viruses                            Cell surface        ++++            ++++              ++           \+
  TLR5       Flagellin                      Bacteria                                     Cell surface        +++             +++               +++          +++
  TLR6       Diacyl lipopeptides, zymosan   Bacteria, fungi (yeast)                      Cell surface        +++             +++               +++          \+
  TLR7       ssRNA                          Viruses                                      Endosomes           +/--            +/--              \+           \+
  TLR8^b^    ssRNA                          Viruses                                      Endosomes           --              +/--              +/--         --
  TLR9       CpG DNA                        Bacteria, viruses, protists (*Plasmodium*)   Endosomes           --              ++                ++           ++
  TLR10^c^   Unknown                        Bacteria                                     Cell surface        \+              +/--              \+           --
  TLR11^d^   Profilin                       Bacteria                                     Cell surface        \+              ++                +++          +++
  TLR12^d^   Unknown                        ND                                           ND                  --              ND                ND           ND
  TLR13^d^   Unknown                        ND                                           ND                  \+              ND                ND           ND

Abbreviation: ND, insufficient data available.

^a^Disclaimer: [Table](#t1){ref-type="table"} values are entirely subjective and based on occasionally contradictory data ([Riccioli et al, 2006](#b123){ref-type="ref"}; Palladino et al, [2007](#b116){ref-type="ref"}, [2008](#b117){ref-type="ref"}; [Bhushan et al, 2008](#b9){ref-type="ref"}; [Rodrigues et al, 2008](#b127){ref-type="ref"}; [Starace et al, 2008](#b142){ref-type="ref"}; [Wu et al, 2008](#b169){ref-type="ref"}; [Zhao et al, 2008](#b176){ref-type="ref"}; [Sun et al, 2010](#b146){ref-type="ref"}; [Winnall et al, 2011](#b167){ref-type="ref"}).

^b^TLR not functional in rodents.

^c^TLR not expressed in mouse.

^d^TLR not expressed in human.

In addition to the testis, TLRs are found throughout the epithelium of the reproductive tract, including that of the epididymis (the [Table](#t1){ref-type="table"}). However, combined data from several studies in rats and mice would seem to suggest regional differences in expression of the various pattern‐recognition receptors, with the result that TLRs 1--6 are expressed more strongly in the testis, whereas TLR 7, 9, and 11 expression tends to be higher in the epididymis, vas deferens, or both ([Riccioli et al, 2006](#b123){ref-type="ref"}; Palladino et al, [2007](#b116){ref-type="ref"}, [2008](#b117){ref-type="ref"}; [Bhushan et al, 2008](#b9){ref-type="ref"}; [Rodrigues et al, 2008](#b127){ref-type="ref"}; [Starace et al, 2008](#b142){ref-type="ref"}; [Wu et al, 2008](#b169){ref-type="ref"}; [Sun et al, 2010](#b146){ref-type="ref"}; [Winnall et al, 2011](#b167){ref-type="ref"}). These observations need to be confirmed by a consistent, quantitative analysis. Moreover, it is not clear what this might mean in terms of pathogenicity because there is no obvious difference in viral vs bacterial sensors that might correspond to the differential susceptibility or exposure of the 2 organs to viral and bacterial infections, as mentioned in the previous section.

In contrast to the testis, there have been relatively few studies on inflammatory signaling in the epididymal epithelium or the effects of systemic inflammation on epididymal function. A study by Rodrigues et al ([2008](#b127){ref-type="ref"}) reported that systemic administration (IP) of LPS induced the activation of NFκB and up‐regulation of several inflammation‐responsive genes, including IL1B, in the rat epididymis. However, TLR4 expression was also localized to macrophages in the epididymal stroma, so it remains to be seen whether this was a response of the epithelium itself. In our own studies using a similar model, LPS administration caused an increase in round cells in the epididymal lumen because of premature shedding of spermatogenic cells from the seminiferous epithelium, but the epididymis itself had no gross morphological changes, at least at the light microscope level ([O\'Bryan et al, 2000](#b112){ref-type="ref"}; [Liew et al, 2007](#b87){ref-type="ref"}). However, many potential functional changes would not be readily detectable at this level, and this issue deserves further examination. In another more recent study, injection of LPS directly into the caput epididymis caused an increase in IL1B expression, hyperemia, edema, and interstitial leukocyte accumulation, along with unspecified inflammatory damage localized to the epithelium of the corpus epididymis, reduced sperm motility, and decreased expression of several beta defensins, which are endogenously produced antimicrobial proteins ([Cao et al, 2010](#b15){ref-type="ref"}). In vitro, the murine caput epididymal epithelial cell line PC1 expresses TLR4 and several of its coreceptor proteins, and treatment of these cells with LPS induced NFκB activation and expression of another pattern recognition receptor, nucleotide‐binding oligomerization domain 2 (NOD2), which detects bacterial peptidoglycan ([Mühlbauer et al, 2008](#b99){ref-type="ref"}). Stimulation of these cells with LPS and the peptidoglycan muramyl dipeptide enhanced TNF message expression. Infection of cultured rat cauda epididymal epithelial cells with *Staphylococcus aureus* stimulated signaling via NFκB and MAP kinase 14 (also called p38); production of IL1B, TNF, and NO; and expression of mRNA for NOS2 and TLR2 ([Zhao et al, 2008](#b176){ref-type="ref"}). Receptors for IL1 have been detected in the mouse epididymal epithelium, indicating a capacity to respond directly to these fundamental inflammatory cytokines as well ([Takao et al, 1990](#b150){ref-type="ref"}; [Gomez et al, 1997](#b46){ref-type="ref"}).

As can be deduced from the preceding data, infection and inflammation can affect both testicular and epididymal function via suppression of steroidogenesis and by direct actions on the activity of the epithelial cells to inhibit fertility. However, because sperm are antigenic a particular consideration needs to be made when assessing the effects of the activated immune system on fertility, and it is this aspect that will be considered next.

Blood‐Epithelial Barriers and Compartmentalization in the Testis and Epididymis {#ss3}
===============================================================================

Both the testis and epididymis have the same basic structural organization, comprising tubules lined by a highly heterogeneous epithelium, surrounded by a peritubular cellular layer, and an interstitial tissue containing the vasculature and lymphatics. However, the similarities are largely superficial. With the exception of the tubuli recti and rete testis, the epithelium of the testis comprises a single somatic cell type (the Sertoli cell) supporting a population of rapidly differentiating and proliferating spermatogenic cells, whereas the epididymal epithelium consists of a number of relatively stable epithelial cell types, including principal cells, clear cells, basal cells, and halo cells, as well as more regionally restricted cell types (apical cells and narrow cells). In the epididymis, the sperm are confined to the lumen of the tubule and are less dependent upon the epithelium for their survival, compared with spermatogenic cells in the testis. The tubules in the testis are surrounded by specialized peritubular myoid cells, which display a close dynamic interaction with the Sertoli cells ([Skinner et al, 1985](#b140){ref-type="ref"}). In the epididymis, the surrounding cells are typical smooth muscle cells. The interstitial tissue of both organs comprises a loose connective tissue, but the testis interstitium also contains highly specialized, androgen‐producing Leydig cells and large numbers of resident macrophages ([Hedger, 2002](#b54){ref-type="ref"}), whereas the interstitium of the epididymis appears less remarkable, dominated by mesenchymal fibroblastic cells and relatively fewer macrophages ([Wang and Holstein, 1983](#b162){ref-type="ref"}; [Nashan et al, 1989](#b105){ref-type="ref"}; [Flickinger et al, 1995](#b40){ref-type="ref"}).

There is a very efficient blood‐testis barrier, consisting of basally located tight junctions and elaborate membrane and cytoskeletal specializations between adjacent Sertoli cells. The function of this barrier is to completely exclude all cellular and molecular traffic via the extracellular space between the Sertoli cells ([Setchell et al, 1969](#b138){ref-type="ref"}; [Dym and Fawcett, 1970](#b30){ref-type="ref"}). It is absolutely essential for creating a highly specialized biochemical environment for the meiotic and postmeiotic cells, but this barrier also means that immune cells are completely excluded from the epithelium and lumen of the seminiferous tubules. By comparison, the barrier functions of the epididymis are more comparable to those found in other epithelia, with apically located tight junctions that are less exclusive than the highly specialized tight junctions of the seminiferous epithelium ([Friend and Gilula, 1972](#b42){ref-type="ref"}; [Cyr et al, 1995](#b20){ref-type="ref"}; [Hinton and Palladino, 1995](#b61){ref-type="ref"}). Consequently, immune cells are common among the cells of the epididymal epithelium ([Wang and Holstein, 1983](#b162){ref-type="ref"}; [Ritchie et al, 1984](#b124){ref-type="ref"}). In this, the epididymis much more resembles the other tissues of the mucosal immune system and, accordingly, shares a number of properties with those tissues ([Beagley et al, 1998](#b7){ref-type="ref"}).

Distribution of Immune Cells in the Testis and Epididymis {#ss4}
=========================================================

In the normal testis, leukocytes are found almost exclusively within the interstitial tissue, peritubular zone, and testicular capsule. These cells chiefly comprise resident macrophages, dendritic cells, and circulating lymphocytes, although variable numbers of mast cells and eosinophils are also present, depending upon the species ([el‐Demiry et al, 1987](#b33){ref-type="ref"}; [Wang et al, 1994](#b161){ref-type="ref"}; [Anton et al, 1998](#b4){ref-type="ref"}). The intratesticular lymphocyte population is skewed toward major histocompatibility complex (MHC) class I restricted (CD8^+^) cells and includes significant numbers of cytotoxic T cells and natural killer (NK) cells ([Ritchie et al, 1984](#b124){ref-type="ref"}; [Wang et al, 1994](#b161){ref-type="ref"}; [Tompkins et al, 1998](#b154){ref-type="ref"}; [Hedger and Meinhardt, 2000](#b59){ref-type="ref"}), but examination of rat and mouse testes indicate the presence of significant numbers of immunoregulatory T‐cell subsets, in the form of NK T cells and CD4^+^CD25^+^ T~reg~ cells, as well (Hedger, unpublished data). Additionally, it is well established that the majority of resident testicular macrophages have reduced pro‐inflammatory activity, display a preference for immunosuppressive cytokine (ie, TGFB and IL10) production when stimulated and express surface markers consistent with an alternatively activated (immunoregulatory) macrophage or M2 phenotype ([Kern and Maddocks, 1995](#b76){ref-type="ref"}; [Hayes et al, 1996](#b51){ref-type="ref"}; [Hedger, 2002](#b54){ref-type="ref"}; [Bryniarski et al, 2004](#b14){ref-type="ref"}; [Maresz et al, 2008](#b92){ref-type="ref"}). These macrophages can be presumed to play an important role in regulating antigen‐specific responses within the testicular environment, in concert with the immunoregulatory T‐cell subsets. The dendritic cells of the normal testis have yet to be fully characterized, but evidence from the rat suggests that the phenotype and functions of these crucial antigen‐presenting cells is consistent with the immunoregulatory functions of the resident macrophages and T cells of the testis (Rival et al, [2006](#b126){ref-type="ref"}, [2007](#b125){ref-type="ref"}).

In contrast to the testis, macrophages and lymphocytes are frequently observed within both the epithelium and the interstitial tissue of the epididymis and are commonly identified as halo cells in epithelial sections ([Dym and Romrell, 1975](#b31){ref-type="ref"}; [Wang and Holstein, 1983](#b162){ref-type="ref"}; [Ritchie et al, 1984](#b124){ref-type="ref"}; [Nashan et al, 1989](#b105){ref-type="ref"}; [Hooper et al, 1995](#b62){ref-type="ref"}; [Flickinger et al, 1997](#b38){ref-type="ref"}; [Serre and Robaire, 1999](#b137){ref-type="ref"}). Macrophages are the main leukocyte present and are most prominent within the interstitial tissue and peritubular zone. These interstitial tissue macrophages express MHC class II antigens, whereas macrophages within the epididymal epithelium mostly do not (Nashan et al, [1989](#b105){ref-type="ref"}, [1990](#b103){ref-type="ref"}). Studies on the distribution of T‐cell subsets in the epididymis are complicated by the fact that the CD4 and CD8 antigens are also expressed by rat and human monocytes and macrophages ([Crocker et al, 1987](#b19){ref-type="ref"}; [Gibbings et al, 2007](#b44){ref-type="ref"}). Studies in the mouse, in which these antigens are more restricted to lymphocyte subsets, indicate an excess of MHC class II restricted CD4^+^ T cells (helper and regulatory T cells) over the CD8^+^ T‐cell (cytotoxic T cell) subset in the interstitial tissue, typical of that observed in blood and most other tissues ([Nashan et al, 1989](#b105){ref-type="ref"}). By contrast, the intraepithelial lymphocytes in the epididymis of rats, mice, and humans are predominantly CD8^+^ T cells, which is a common feature of mucosal epithelia ([Ritchie et al, 1984](#b124){ref-type="ref"}; [Nashan et al, 1989](#b105){ref-type="ref"}; [Flickinger et al, 1997](#b38){ref-type="ref"}; [Yakirevich et al, 2002](#b170){ref-type="ref"}). Leukocytes are found in all regions of the epididymis, although the tendency is toward greater numbers of all leukocyte subsets in the peritubular zone and epithelium of the caput compared with the cauda ([Nashan et al, 1989](#b105){ref-type="ref"}; [Flickinger et al, 1997](#b38){ref-type="ref"}; [Seiler et al, 1999](#b134){ref-type="ref"}), and intraepithelial macrophage and CD8^+^ T‐cell numbers increase preferentially in the more proximal regions of the epithelium during aging and increased spermatogenic disturbance in rats ([Serre and Robaire, 1999](#b137){ref-type="ref"}). The strikingly different distribution of leukocytes in the epididymis compared with the testis clearly indicates the existence of a different immunological environment, one in which separation between the antigenic sperm and the local immune cells is less robust. In fact, it has been speculated that macrophages within the epididymal duct might even be responsible for phagocytosis of senescent and excess sperm, although the evidence for this is equivocal ([Tomlinson et al, 1992](#b153){ref-type="ref"}; [Cooper et al, 2002](#b18){ref-type="ref"}).

Studies have suggested that some basal cells of the epididymal epithelium exhibit structural and antigenic properties typical of macrophages ([Yeung et al, 1994](#b173){ref-type="ref"}; [Seiler et al, 1999](#b134){ref-type="ref"}). The numbers of the basal cells expressing macrophage‐specific markers in the mouse are increased by the presence of damaged sperm, and it has been speculated that these cells are actually resident macrophages that could be playing a role in regulating immunity in the epididymis (Seiler et al, [1999](#b134){ref-type="ref"}, [2000](#b133){ref-type="ref"}). Moreover, exciting new data from the mouse indicate that dendritic cells are a major feature of the epididymal epithelium ([Da Silva et al, 2011](#b21){ref-type="ref"}). These cells form a dense network in the basal region of the epithelium and extend their processes up toward the apical tight junctions between epithelial cells. The intraepithelial dendritic cells express normal antigen‐presenting surface molecules and have antigen‐presenting activity in vitro. The extent of overlap between these dendritic cells, the macrophage‐like basal cells, and conventional intraepithelial macrophages remains to be established, but all display an increased distribution toward the more proximal regions of the normal epididymis. It is self‐evident that some or all of these cells will play important roles in controlling immunity within the epididymis.

Immune Privilege in the Testis and Epididymis {#ss5}
=============================================

The testicular interstitial tissue in several rodent species is able to support the survival of allografts and xenografts for extended periods---even indefinitely in some cases---in spite of the fact that this tissue has an extensive and effective lymphatic drainage to local lymph nodes and contains significant populations of antigen‐presenting cells (macrophages and dendritic cells) and T cells ([Ferguson and Scothorne, 1977](#b35){ref-type="ref"}; [Whitmore and Gittes, 1978](#b165){ref-type="ref"}; [Head et al, 1983](#b53){ref-type="ref"}; [Head and Billingham, 1985](#b52){ref-type="ref"}). The parameters that determine the survival of grafts in the testis include structural, experimental, and species differences that remain poorly explained, and the precise mechanisms responsible for this "immune privilege" of the testis are yet to be fully determined, but it is evident that tissue‐specific immunoregulatory mechanisms are involved ([Hedger, 2007](#b55){ref-type="ref"}; [Meinhardt and Hedger, 2011](#b96){ref-type="ref"}). Teleologically, it is generally assumed that testicular immune privilege exists to protect the developing spermatogenic cells from the host immune system.

By contrast, immune privilege in the epididymis has received little attention, and the limited available evidence indicates that the epididymis does not provide the same level of protection afforded by the testis, if at all. Some data indicate that allografts can survive slightly extended periods within the rat epididymis, but this could simply be related to regional differences in lymphatic drainage between animals, rather than local immunoregulation ([Kazeem, 1988](#b75){ref-type="ref"}). Given the large variability in the historical success rate of studies on testicular immune privilege, it might be wise to reserve final judgment until more comprehensive data are available. However, experimental evidence is considerable that the epididymis might be much more susceptible to inflammation and subsequent leukocytic infiltration than is the testis. Interstitial tissue infiltrates of lymphocytes and neutrophils are frequently observed in the epididymis and vas deferens, but rarely in the testis, of aging mice ([Itoh et al, 1999a](#b68){ref-type="ref"}). Similarly, in mice injected (IV) with *Bordetella pertussis* and adjuvant, neutrophils invade the stroma of the epididymis and vas deferens, as well as the accessory organs, but the testis is not affected ([Itoh et al, 1995](#b65){ref-type="ref"}). In the alymphoplastic (aly) mouse, which is deficient in lymphoid tissue, eosinophils and macrophages spontaneously accumulate in the stroma of the epididymis and vas deferens, but not the testis ([Itoh et al, 1999b](#b69){ref-type="ref"}).

Immunoregulation in the Testis and Epididymis {#ss6}
=============================================

To understand how immune privilege can be sustained, it is essential to know how antigen‐specific (adaptive) immunity is regulated. In the immune system, the ability to discriminate self antigens from foreign antigens relies on the induction of tolerance. This involves central tolerance, whereby T and B cells directed against self antigens are deleted from the immune repertoire in the thymus and bone marrow ([Kappler et al, 1987](#b73){ref-type="ref"}; [Nossal, 1994](#b109){ref-type="ref"}; [Liston et al, 2003](#b88){ref-type="ref"}). Central tolerance is established before birth or during the perinatal period in different species but clearly occurs long before the appearance of antigens associated with all but the earliest stages of spermatogenic development. Peripheral tolerance, on the other hand, is maintained throughout life by interactions between antigen‐presenting cells and T cells under "tolerizing" conditions, in which some of the necessary costimulatory signals between the cells are absent or in the presence of immunoregulatory cytokines, ligands, leukocyte subsets, or a combination of these elements ([Mueller, 2010](#b98){ref-type="ref"}). This tolerizing interaction results in responses ranging from destruction of the antigen‐specific T cell entirely to the generation of actively immunosuppressive antigen‐specific T‐cell subsets, such as CD4^+^CD25^+^ T~reg~ cells or CD8^+^ suppressor T cells ([Gilliet and Liu, 2002](#b45){ref-type="ref"}; [Toda and Piccirillo, 2006](#b152){ref-type="ref"}). Furthermore, the immune response itself can be directed toward either an aggressive cellular immunity mediated by type 1 helper cells (Th1 cell), which is primarily responsible for graft rejection, or an alternatively activated or type 2 (Th2 cell) response, which favors antibody responses but reduced cell‐mediated immunity. In general, Th2 cells and alternatively activated (M2) macrophages have been associated with immune privilege and tolerance in a number of systems ([Cobbold and Waldmann, 1998](#b16){ref-type="ref"}; [Stein‐Streilein and Streilein, 2002](#b143){ref-type="ref"}; [Martinez et al, 2008](#b93){ref-type="ref"}).

Evidence is accumulating that a number of complementary mechanisms are involved in testicular immune privilege (the [Figure](#f1){ref-type="fig"}). Significantly, Head et al ([1983](#b53){ref-type="ref"}) discovered that intratesticular allograft survival depended upon antigen exposure being confined to the testis environment because active immunization of the host against the graft alloantigens caused the intratesticular grafts to be rapidly rejected. It already has been noted that the testicular interstitial tissue contains dendritic cells and macrophages with an alternatively activated phenotype. Direct evidence that interactions between these antigen‐presenting cells and T cells within the testicular environment, which would also include the local draining lymph nodes, can produce peripheral tolerance comes from studies showing that introduction of spinal cord, retinal, or arthritogenic antigens via the testis route can suppresses immune responses to these antigens in the periphery ([Li et al, 1997](#b85){ref-type="ref"}; [Ditzian‐Kadanoff, 1999](#b27){ref-type="ref"}; [Veräjänkorva et al, 2002](#b159){ref-type="ref"}). This concept has recently received compelling support from the discovery that transgenic mice, which specifically express high levels of a surrogate autoantigen, ovalbumin, in late spermatids and subsequently release this antigen into the interstitial tissue, were resistant to T‐cell-- or antibody‐mediated immune responses after active immunization with exogenous ovalbumin (K. Tung *in* [Krawetz et al, 2009](#b81){ref-type="ref"}). Altogether, these data suggest that continuous release of spermatogenic cell antigens is responsible for maintaining peripheral tolerance to these autoantigens. Accordingly, immunoregulatory NK T cells and T~reg~ cells are prominently represented in the rat and mouse testis (Hedger, unpublished data), and there is evidence that activated, memory T cells, or both, which would normally effect an immunological response, are instead targeted for destruction when they enter the testicular environment ([Dai et al, 2005](#b22){ref-type="ref"}; [Nasr et al, 2005](#b106){ref-type="ref"}). A crucial role for T~reg~‐cell--mediated tolerance in the human testis is also indicated by the autoimmune polyendocrinopathy syndrome type 2 (APS2), a condition of spontaneous autoimmunity in a number of endocrine glands, including the testes in a subset of patients, which is characterized by defective T~reg~‐cell function ([Kriegel et al, 2004](#b82){ref-type="ref"}).

![. Comparison of proposed immunoregulatory mechanisms in the testis and epididymis. Adjacent epithelial Sertoli cells of the testis produce basally located extensive tight junctional (TJ) specializations that completely restrict the movement of immune cells, immunoglobulin, and other molecules into the epithelium and lumen of the seminiferous tubules. Consequently, the majority of developing spermatogenic cells and intraluminal sperm are completely isolated from the immune system within the seminiferous tubules. Regions where this restriction is less effective, notably the tubuli recti and rete testis, are zones of increased susceptibility to inflammatory and autoimmune responses. Antigens within the testis, including spermatogenic cell antigens, are picked up by antigen‐presenting cells in the interstitium (dendritic cells and macrophages) and are presented to circulating T cells in a tolerizing environment that involves the resident macrophages (M), natural killer (NK), and NK T cell subsets and immunoregulatory cytokines, such as TGFB, activin A, and IL10. This leads to production of immunoregulatory T cells, such as CD4^+^CD25^+^ T~reg~ cells, thereby maintaining ongoing tolerance to antigens within the testicular environment. In addition, Sertoli cells, and possibly other testicular cells, express a number of immunoregulatory molecules that inhibit T‐cell activity, survival, or both in the interstitial space: nonclassical major histocompatibility complex class molecules (HLA‐G and HLA‐E), the negative costimulatory ligand CD274 antigen, indoleamine 2,3 dioxygenase (IDO), FASL, the granzyme B inhibitor serine peptidase inhibitor A3N (SERPINA3N), anti‐inflammatory prostaglandins (PG) and leukotrienes (LT), and lyso‐glycerophosphatidylcholine species (lyso‐GPCs). In the epididymis, the interepithelial junctions are less specialized and apically located, so that immune cells (dendritic cells, macrophages, and CD8^+^ lymphocytes) and other immune products are able to enter the epithelium, where they may have contact with the luminal contents under certain conditions. Entry of antibody (IgA and IgG) into the epididymis can occur either by transepithelial transport or via the ascending tract from the accessory glands. Antigen‐presenting cells and basal cell macrophages in the epididymal epithelium could play a role in regulating T‐cell responses. Epithelial cells of the epididymis express IDO and TGFB and might possess immunoregulatory functions similar to those of the Sertoli cells, although this remains speculative.](JAND-32-625-g001){#f1}

The testicular cell that appears to be central to maintaining testicular immune privilege is the Sertoli cell. Studies have established that isolated Sertoli cells possess inherent immunosuppressive properties and can be transplanted into a variety of tissues across both allogeneic and xenogeneic barriers ([Selawry and Cameron, 1993](#b135){ref-type="ref"}; [Sanberg et al, 1996](#b131){ref-type="ref"}; [Korbutt et al, 1997](#b80){ref-type="ref"}). Moreover, these cells are able to provide an immunoprotective environment for various allografts and xenografts in cotransplantation studies. The Sertoli cell expresses several molecules that have the capacity to induce apoptosis in antigen‐specific T cells, including Fas ligand (FASL, also called CD95L; [Bellgrau et al, 1995](#b8){ref-type="ref"}) and the negative costimulatory ligand CD274 antigen (also called B7‐H1; [Dal Secco et al, 2008](#b23){ref-type="ref"}). A recent study has shown that blocking the activity of the tryptophan‐metabolizing enzyme, indoleamine 2,3 dioxygenase (IDO), which inhibits T‐cell--mediated autoimmunity and stimulates T~reg~‐cell functions, abrogated the protective activity of porcine Sertoli cells in a cotransplantation model in mice ([Fallarino et al, 2009](#b34){ref-type="ref"}). Additionally, Sertoli cells produce inhibitors of complement, an important inducer of the inflammatory response ([Lee et al, 2007](#b84){ref-type="ref"}), and secrete inhibitors of granzyme B, which is part of the destructive arsenal of cytotoxic lymphocytes ([Bladergroen et al, 2001](#b11){ref-type="ref"}; [Sipione et al, 2006](#b139){ref-type="ref"}). Sertoli cells also produce several immunoregulatory cytokines of the TGFB family, specifically activin A, which directs the development of macrophages and T cells toward type 2 responses ([Hedger, 2011a](#b56){ref-type="ref"}), and TGFB1, which has been implicated in graft survival promoted by the Sertoli cells ([Suarez‐Pinzon et al, 2000](#b145){ref-type="ref"}).

Other testicular immunoregulatory mechanisms include expression of the nonclassical MHC molecules human leukocyte antigen (HLA)‐G and HLA‐E, which inhibit T‐cell and NK‐cell activity, in the seminiferous epithelium of the rhesus monkey and human testis ([Fiszer et al, 1997](#b36){ref-type="ref"}; [Slukvin et al, 1999](#b141){ref-type="ref"}; [Ryan et al, 2002](#b129){ref-type="ref"}). Endogenous elevation of IL10, which is induced in the testis during inflammation ([O\'Bryan et al, 2005](#b110){ref-type="ref"}; [Rival et al, 2007](#b125){ref-type="ref"}), has been shown to reduce inflammation, autoimmunity, and spermatogenic damage in a mouse model of autoimmune orchitis ([Watanabe et al, 2005](#b163){ref-type="ref"}). Finally, a role for bioactive lipids in testicular immunoregulation is gradually emerging. Prostanoid biosynthesis occurs in most testicular cells ([Winnall et al, 2007](#b166){ref-type="ref"}); prostaglandins of the D, E, and I series and thromboxane A, in particular, display anti‐inflammatory, immunosuppressive functions, or both ([Hata and Breyer, 2004](#b50){ref-type="ref"}). Moreover, several medium--chain length lysoglycerophosphatidylcholine species, which are produced during prostanoid biosynthesis and are present in testicular interstitial fluid, possess potent immunoregulatory activities ([Foulds et al, 2008](#b41){ref-type="ref"}).

Compared with the testis, immunoregulatory mechanisms and induction of tolerance in the epididymis have much less data, and many more question marks remain (the Figure). However, the possibility that macrophages and dendritic cells, either in the epithelia or those in the peritubular or interstitial tissue, play a crucial role in maintaining tolerance to sperm antigens, similar to that proposed for these cells in the testis, is tantalizing. Moreover, evidence is limited that the principal cells or other epididymal epithelial cells might have similar immunoregulatory functions as those displayed by the Sertoli cell. The immunoregulatory cytokine TGFB1 has been found in principal cells and apical cells of the caput and corpus epididymis of the marmoset ([Bomgardner et al, 1999](#b12){ref-type="ref"}). Significantly, IDO is highly expressed in the principal cells and apical cells of the mouse caput epididymis, although it remains to be confirmed that this enzyme plays a role in epididymal immunoregulation ([Britan et al, 2006](#b13){ref-type="ref"}). Alternatively, such immunoregulatory mechanisms might be unnecessary in the epididymis because peripheral tolerance created in the testis environment could be sufficient to provide protection to sperm antigens throughout the male reproductive tract, under normal conditions. However, a more prominent role could exist for complement inhibitors in the epididymal epithelium and sperm than in the seminiferous epithelium ([Harris et al, 2006](#b49){ref-type="ref"}; [Mizuno et al, 2006](#b97){ref-type="ref"}; [Ito et al, 2007](#b64){ref-type="ref"}), which could reflect the more ready access of immunoglobulins to the lumen of the epididymal duct ([Weininger et al, 1982](#b164){ref-type="ref"}; [Yule et al, 1988](#b174){ref-type="ref"}; [Beagley et al, 1998](#b7){ref-type="ref"}; [Knee et al, 2005](#b77){ref-type="ref"}).

Consequences of Immunological Events {#ss7}
====================================

The testis and epididymis would appear to differ significantly in terms of several immunological parameters. Clinical evidence that immunoregulation in the epididymis might actually be influenced by proximity to the testis comes from studies of sperm autoantibody formation in men with obstructive azoospermia, with congenital absence of the vas, or following vasectomy ([de Kretser et al, 1998](#b24){ref-type="ref"}). In these patients, the incidence of sperm antibodies increased with increasing distance of the lesion from the testis: the presence of sperm antibody ranged from 66% to 100% in patients with a vasectomy or obstructions in the cauda epididymis, whereas lesions in the rete testis or caput are associated with low or negligible sperm antibody levels. Together with the observation that the number or activity of intraepithelial macrophages and dendritic cells, or both, are highest in the more proximal regions of the epididymis ([Seiler et al, 1999](#b134){ref-type="ref"}; [Da Silva et al, 2011](#b21){ref-type="ref"}), suggesting that the testis exerts an influence on the immune environment of the adjacent epididymis that attenuates along the epididymal duct.

Autoimmune regulator (AIRE) is a promiscuous thymic transcription factor involved in controlling expression of antigens for presentation during the establishment of central tolerance in the thymus ([Pitkanen and Peterson, 2003](#b120){ref-type="ref"}). The loss of this protein is responsible for the autoimmune polyendocrinopathy syndrome type 1, which predisposes patients to testicular autoimmunity. In mice with a targeted deletion of the Aire gene, testicular function appeared normal, but fertility was reduced because of sperm antibody formation and because the interstitial tissue of the epididymis contained frequent leukocytic infiltrates ([Hubert et al, 2009](#b63){ref-type="ref"}; Scott and O\'Bryan, personal communication). Furthermore, neonatal (day 3) thymectomy in mice, which leads to a loss of peripheral tolerance mediated by T~reg~ cells ([Thornton and Shevach, 1998](#b151){ref-type="ref"}), initially causes epididymovasitis in the postpubertal period, followed by an increasing incidence of orchitis many weeks later ([Taguchi and Nishizuka, 1981](#b149){ref-type="ref"}; [Tung et al, 1987a](#b156){ref-type="ref"}). Subsequently, the incidence of orchitis remains considerably lower than the incidence of the epididymovasitis, even in mature adult mice. Both these observations indicate a much greater susceptibility of the epididymis to inflammation and autoimmunity when compared with the testis in models of tolerance failure.

In experimental models of autoimmune orchitis (EAO) induced by active immunization with testicular extracts in the presence of suitable adjuvants in rats, mice, and guinea pigs, epididymitis is also commonly observed, most frequently involving the cauda epididymis (Tung et al, [1970](#b157){ref-type="ref"}, [1987b](#b158){ref-type="ref"}; [Kohno et al, 1983](#b78){ref-type="ref"}; [Zhou et al, 1989](#b178){ref-type="ref"}). Curiously, subcutaneous injection of syngeneic testicular spermatogenic cells into mice in the absence of adjuvant causes orchitis without epididymitis ([Itoh et al, 1991a](#b66){ref-type="ref"}), but passive transfer of lymphocytes from mice immunized against these cells and subsequently stimulated in vitro actually favors the induction of epididymitis (Itoh et al, [1991b](#b70){ref-type="ref"}, [1992](#b67){ref-type="ref"}). The reasons for these differences remain unresolved ([Naito and Itoh, 2008](#b101){ref-type="ref"}), but significantly, the transfer of T cells activated specifically against spermatid antigens induce epididymitis in this model. A similar result was observed after the passive transfer of T cells from EAO mice, with testicular involvement initially confined to the tubuli recti, rete testis, and efferent ducts ([Mahi‐Brown et al, 1987](#b91){ref-type="ref"}; [Tung et al, 1987b](#b158){ref-type="ref"}; [Yule and Tung, 1993](#b175){ref-type="ref"}). In an analogous manner, syngeneic testicular spermatogenic cells or epididymal spermatozoa caused spermatic granuloma formation when injected into the epididymides, but not when injected into the testes, of adult mice ([Itoh et al, 1999c](#b71){ref-type="ref"}). In fact, spermatic granulomata are rarely seen in the human testis but are common in the epididymis and vas deferens ([Nistal et al, 1997](#b108){ref-type="ref"}). Furthermore, detailed studies in mice have established that the immunogenetics underlying susceptibility to autoimmune orchitis and epididymitis are quite distinct ([Roper et al, 1998](#b128){ref-type="ref"}). Altogether, these studies further highlight the particular susceptibility of the epididymis to inflammation when responses to spermatogenic antigens occur.

Vasectomy generally causes the formation of sperm antibodies, a response that is believed to be due to sperm retention and increased intraluminal pressure in the reproductive tract, leading to increased sperm degradation in situ, epithelial rupture, sperm granuloma formation, and exposure of sperm antigens to the immune system, particularly at the vasectomy site ([Alexander and Tung, 1977](#b2){ref-type="ref"}; [Flickinger et al, 1995](#b40){ref-type="ref"}). Species and strain differences in susceptibility to orchitis after vasectomy are striking: lesions are common in the testes of monkeys, guinea pigs, rabbits, and some strains of rats and mice but are rare in humans ([Bigazzi et al, 1976](#b10){ref-type="ref"}; [Kojima and Spencer, 1983](#b79){ref-type="ref"}; [Flickinger, 1985](#b37){ref-type="ref"}; [Herr et al, 1987](#b60){ref-type="ref"}). In humans, chronic pain of inflammatory origin can occur ([McMahon et al, 1992](#b95){ref-type="ref"}). Postvasectomy, epididymal inflammation is characterized by infiltration of macrophages, lymphocytes, and neutrophils into the interstitial and peritubular zones in particular, but also in the epithelium, along with epididymal granulomata ([Nashan et al, 1990](#b103){ref-type="ref"}; [Flickinger et al, 1995](#b40){ref-type="ref"}; [Hooper et al, 1995](#b62){ref-type="ref"}). However, these epididymal changes might also occur secondary to the development of autoimmune orchitis ([Flickinger et al, 1990](#b39){ref-type="ref"}), and clearly separating cause and effect is difficult. Nonetheless, vasectomized A/J mice immunized with syngeneic testicular spermatogenic cells develop epididymitis without orchitis (Qu et al, [2008](#b122){ref-type="ref"}, [2010](#b121){ref-type="ref"}), suggesting that the epididymis can be the primary site of immune reactions after vasectomy.

In summary, although the mechanisms underlying experimental autoimmune orchitis and epididymitis remain to be fully characterized, studies suggest direct exposure to spermatogenic cell antigens, loss of tolerance, or passive transfer of activated T cells against spermatogenic antigens preferentially leads to epididymitis. By contrast, full‐blown orchitis develops only against favorable background genetics or requires more aggressive immunization protocols. This would tend to suggest that central tolerance is the most important immunoprotective mechanism operating in the epididymis and that, compared with the testis, this tissue could have fewer effective back‐up mechanisms. These differences would also tend to fit with the observation that the epididymis probably lacks the ability to support foreign tissue grafts, raising questions about the actual role of the intraepithelial antigen‐presenting cells of the epididymis ([Da Silva et al, 2011](#b21){ref-type="ref"}), which only more work can resolve.

Innate Immunity in the Testis and Epididymis {#ss8}
============================================

If normal adaptive immune mechanisms are modulated within the testis and epididymis to minimize responses against spermatogenic cell antigens, then innate immunity becomes potentially more important for protecting the testis and epididymis against infection and tumors. As outlined earlier, innate immunity in the testis is mediated via pattern recognition receptors expressed primarily by macrophages and Sertoli cells acting as sentinels against infections from the circulation and ascending tract, respectively. However, the resident effector cells of innate immunity, the testicular macrophages, NK cells, mast cells, and eosinophils, are located entirely within the interstitial tissue, pointing to potential problems during infection of the seminiferous tubules. Studies of retrograde infections in rats and mice using live *E coli* introduced directly into the seminiferous tubules, or via the epididymis or proximal vas deferens, leads to inflammation and invasion of the seminiferous epithelium by leukocytes, particularly neutrophils, resulting in long‐term damage to the epithelium even after the infection has been cleared ([Lucchetta et al, 1983](#b89){ref-type="ref"}; [Demir et al, 2007](#b26){ref-type="ref"}). Notably, aggressively uropathogenic bacteria are able to subvert the innate immune response in rat testicular macrophages and Sertoli cells by suppressing pro‐inflammatory NFκB signaling, directing them instead to mount an antiviral response ([Bhushan et al, 2008](#b9){ref-type="ref"}). How the leukocytes gain access to the seminiferous tubules in intraluminal infections remains to be resolved, but evidence suggests that the inter‐Sertoli tight junctions might be disrupted, and a possibility that leukocytes traverse the less restrictive epithelium of the tubuli recti and rete testis. Significantly, this leukocytic infiltration was not observed if dead bacteria or LPS alone were introduced into the tubules, suggesting that the invasion of the seminiferous tubules is an option of last resort in response to actively proliferating infections ([Nagaosa et al, 2009](#b100){ref-type="ref"}). Ongoing balancing mechanisms could involve the resident immune cells and somatic cells of the testis, which calibrate the ability to resist infection or neoplasms, while attempting to minimize intratesticular inflammation and immunity to reduce collateral damage to the developing spermatogenic cells.

In the epididymis, the situation is probably a little different. Adaptive immune responses might not be compromised, as they appear to be in the testis, and clearly leukocytes have access to the epididymal epithelium, where they could have close contact with intraluminal infections. Likely, the intraepithelial macrophages and CD8^+^ cells, which are presumably cytotoxic lymphocytes (but could also include immunoregulatory T cells), have an important role in protecting against infection in the epididymis. Appropriately, injection of *E coli* into the epididymis of adult mice via the vas deferens route induces an increase in macrophage and CD8^+^ lymphocyte numbers and activity in the epididymal interstitium, peritubular zone, and epithelium ([Nashan et al, 1993](#b104){ref-type="ref"}). However, these cells have yet to be studied in any detail, and their phenotype and functions remain poorly understood.

One mechanism that does appear to be particularly important for innate immune protection in the epididymis is the production of beta defensins. Defensins are small, positively charged peptides that disrupt bacteria, fungi, parasites, and some enveloped viruses by forming multimeric pores in the pathogen membrane ([Selsted and Ouellette, 2005](#b136){ref-type="ref"}). Most epithelial cells, including those of the testis and epididymis, produce beta defensins, but a large number of epididymal‐specific beta defensins with distinct regional distributions have been identified in the mouse and the rat ([Li et al, 2001](#b86){ref-type="ref"}; [Yamaguchi et al, 2002](#b171){ref-type="ref"}; [Com et al, 2003](#b17){ref-type="ref"}; [Yenugu et al, 2004](#b172){ref-type="ref"}; [Zhou et al, 2004](#b177){ref-type="ref"}; [Jalkanen et al, 2005](#b72){ref-type="ref"}; [Patil et al, 2005](#b119){ref-type="ref"}). Many of these epididymal defensins are developmentally and hormonally regulated, with evidence that some might also play a role in sperm maturation ([Li et al, 2001](#b86){ref-type="ref"}; [Zhou et al, 2004](#b177){ref-type="ref"}). Normally, epithelial defensin production is stimulated by TLR activation and cytokines during inflammation, but a recent study in rats discovered that LPS actually causes the expression of some epididymal beta defensins to fall ([Cao et al, 2010](#b15){ref-type="ref"}). The precise functions of these peptides in the epididymis are obviously a topic of considerable ongoing interest.

Looking to the Future {#ss9}
=====================

The underlying immunology of the testis and epididymis appears to be different in several fundamental aspects on the basis of 1) the ability to support grafts, 2) organization of the blood‐epithelial barrier, 3) distribution of immune cells and pattern recognition receptors, 4) susceptibility to different types of infection, and 5) autoimmune responses to damage, immunization, or loss of central tolerance. Immunoregulatory mechanisms are apparently effective in generating peripheral tolerance to sperm antigens in the testis, whereas data for similar mechanisms in the epididymis are lacking. It is even possible that the epididymis does not need to provide this type of specific immunoregulatory protection and simply acts to minimize the effect of any responses that might occur. However, the barrier functions and active immunosuppressive mechanisms of the epididymis also appear to be less effective compared with the testis, which might explain the greater susceptibility of the epididymis to inflammation after trauma, infection, or immune activation.

Although we still know relatively little about the innate and acquired immune systems as they relate to the testis, we know even less about the interaction between these systems and the epididymis. Given that the epididymis could be more susceptible to inflammation and immune events, and hence a weak link in sperm protection from the immune system, it is probably time this imbalance in our knowledge was addressed. So, what is the knowledge that we lack that is needed to make progress?

1Epididymal immune cell phenotypes and immune functions need to be properly characterized. Although the presence of these cells has long been established and their general characteristics have been identified, the functional properties of these cells remain very poorly understood. One obvious deficiency is an apparent lack of consensus over the identification of cells, specifically the degree of overlap between basal cells, halo cells, macrophages and dendritic cells, and T‐cell subsets in different studies.2The parameters of tolerance to antigens within the epididymis need to be established. In the testis, we know that allografts survive for extended periods and that testis tissue can survive transplantation under appropriate conditions, and this immune privilege is related to a number of specific mechanisms. Apparently, no analogue of immune privilege exists in the epididymis, but definitive studies are lacking.3The effects of activating innate immunity and signaling pathways in the normal and infected/inflamed epididymis need to be determined. A small number of studies to date indicate that activation of innate immunity in the epididymis affects its physiological functions and, consequently, the ability to support or protect the sperm or both. Such studies need to be extended to investigate the responses of the various epithelial cells of the epididymis to inflammation and infection.4Local immunoregulatory mechanisms in the epididymis need to be identified and verified. It would be important to know if any of the several epithelial cell types of the epididymis have immunoregulatory properties, similar to those of the Sertoli cell. Although some attention has been paid to the basal cells, the evidence that these cells have immunoregulatory functions is so far circumstantial. The recent observation that the epithelium of the epididymis is invested with dendritic cells, especially in the caput region, will be followed with interest.

This review is a summary of a presentation given at the Fifth International Conference on the Epididymis, Ãguas de São Pedro, Brazil, October 2010.
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